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. Conservation of the key amino acids for microbial rhodopsins shown in Figure 9 . Despite the varying global sequence identities among microbial rhodopsins (Supporting Information Figure 2 ), a subset of residues is conserved in sequence and in position in the TM helices, and plays a role in activity and selectivity. The numbering scheme corresponds to the position in BR. Negatively charged residues are shown in red, positively charged in blue, aromatic in yellow, polar in green, non-polar in grey.
BR; Bacteriorhodopsin from Archaea (Halobacterium salinarum), AR1; Archaerhodopsin-1 from Archaea (Halorubrum chaoviator), AR2; Archaerhodopsin-2 from Archaea (Halobacterium sp. AUS-2), AR-3; Archaerhodopsin-3 from Archaea (Halorubrum sadomense), MR; Midrhodopsin from Eubacteria (Haloquadratum walsbyi DSM 16790), GPR(1); Green-absorbing Proteorhodopsin from Eubacteria (Dokdonia donghaensis MED134; EAQ40507), GPR(2); Green-absorbing Proteorhodopsin from 1) MED134, 2) AND4, 3) SAR11, 4) LC1--200, 5) HOT 75m4, 6) SAR86, 7) HOT 0m1 20  49  53  56  57  82  83  85  86  89  90  91  93  96  115  118  122  141  145  150  182  185  186  189  194  204  208  212  215  216  219  220 BR Figure 2 . Pairwise sequence identities for the selected microbial rhodopsins from Figure 9 . Despite their similarity of topology and conservation of the key intramembrane residues, especially in the retinal binding pocket, global sequence homology amongst the microbial rhodopsins can be as low as ~15%. Figure 3 . Asymmetric functional conversion between lightdriven proton and chloride pumps. Light-driven proton pump BR can be converted into a chloride pump by a single amino acid replacement (Asp-to-Thr mutation). In contrast, substituting the BR-like ten amino acids into HR creates a NpHR mutant which is not capable of pumping protons. FTIR spectroscopy revealed that the failure of functional conversion of HR is due to the lack of strongly hydrogen-bonded water(s), the functional determinant of proton pumping. 160, 301 Supporting Information Figure 4 . Sequence and motif conservation and ordered water molecules in GPCRs mapped on bovine Rho (PDB ID:1U19) structure (cf. Figure 20) . Greater "Tube" thickness indicates greater residue conservation at that position. 463 Ordered water molecules (shown in light blue) found by superposition of antagonist bound GPCR structures. A sodium ion (shown as a black sphere) has been found within Supplementary Figure (4-2) 
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